Background: A framework of clinical reasoning tasks used by physicians during clinical encounters was previously developed proposing that clinical reasoning is a complex process composed of 26 possible tasks. The aim of this paper was to analyze the verbalized clinical reasoning processes of medical students utilizing commonly encountered internal medicine cases. Methods: In this mixed-methods study, participants viewed three video recorded clinical encounters. After each encounter, participants completed a think-aloud protocol. The qualitative data from the transcribed thinkaloud transcripts were analyzed by two investigators using a constant comparative approach. The type, frequency, and pattern of codes used were analyzed. Results: Seventeen third and fourth year medical students participated. They used 15 reasoning tasks across all cases. The average number of tasks used in cases 1, 2, and 3 was (respectively) 5.6 (range 3-8), 5.9 (range 4-8), and 5.3 (range 3-10). The order in which medical students verbalized reasoning tasks varied and appeared purposeful but non-sequential.
Introduction
Traditionally, clinical reasoning research has focused predominantly on diagnostic reasoning and less so on therapeutic reasoning or on the tasks that constitute clinical reasoning as a whole. Recent research has investigated what physicians reason about during clinical encounters and admission case reviews [1] [2] [3] . In 2013, Goldszmidt and colleagues conducted a two-stage validation study utilizing international experts to develop a unified list of 24 reasoning tasks thought to likely occur in a clinical encounter; they were broken down into four domains: (1) Framing the Encounter, (2) Diagnosis, (3) Management, and (4) Self-Reflection. This framework supported the notion that clinical reasoning is not a unitary construct but instead comprises multiple tasks that underlie a complex process.
In 2016, we studied the use of these reasoning tasks in internal medicine resident physicians viewing videos of clinical encounters in internal medicine [3] . This work was followed by a study in 2017 evaluating resident physicians' use of reasoning tasks during admission case review [2] . Together, these studies led to a new modified list of 26 reasoning tasks hypothesized to occur in a clinical encounter (Table 1) . Previous research has not addressed what medical students reason about in a clinical encounter. Insights into how these processes occur could help educators optimize how clinical reasoning is acquired, taught, and assessed.
Ecological psychology is a helpful lens to analyze how medical students reason. Ecological psychology contends that our actions are the result of affordances and effectivities. Affordances are defined as recognized opportunities for action, and effectivities are an individual's ability for action [4, 5] . Merely having or knowing about certain processes is not enough to achieve a desired outcome. Rather, it is the combination of the 'tools' available, the ability to effectively use the tools, and the ability to select the right tools in a specific context that leads to success. For clinical reasoning, ecological psychology predicts that multiple physicians would not arrive at a diagnosis or therapy using the same affordances or effectivities. These affordances and effectivities would also not likely be the same across clinical cases because context-specific (situation-specific) knowledge and skills are key aspects of performance when viewed from an ecological psychology perspective [4, 5] . A better understanding of the 'tools' that comprise students' effectivities and their situational awareness for selecting the right 'tools' in a given context could inform the education of clinical reasoning.
The aim of this study was to analyze the verbalized clinical reasoning processes of medical students to describe: (1) what clinical reasoning tasks occur during a clinical encounter in medical students; (2) with what frequency different types of clinical reasoning tasks are utilized by medical students; (3) if the use of clinical reasoning tasks occur in a sequential vs. non-sequential manner; and (4) if there are clinical reasoning tasks that are not accounted for by the current proposed framework [2] . 
Methods

Participants
Three hundred third and fourth year medical students at the Uniformed Services University of the Health Sciences (USUHS), Bethesda, MD, USA, were invited to take part in this mixed-methods study from 2015 to 2016. Participants were invited to participate via email by a research assistant. There were no exclusion criteria. Informed consent was obtained prior to participation, and students were not compensated for participation in the study. The Institutional Review Board (IRB) at USUHS approved the study.
Ethical approval
The authors obtained IRB approval from the USUHS, protocol number R083VC-03.
Design
This study design has been used previously and is part of an ongoing program of research [3, 6, 7] . Figure 1 provides an overview of the study design. Participants viewed a series of three videos (each 2-4 min in length) which displayed clinical encounters (including history and physical exam) each with a specific contextual factor. Case 1 portrayed a diagnosis of human immunodeficiency virus (HIV) in a patient with English as a second language. Case 2 portrayed a diagnosis of colorectal cancer in a patient presenting with emotional volatility. Case 3 portrayed a diagnosis of diabetes mellitus in a patient with both limited English proficiency and emotional volatility. The final diagnosis was not provided in the video.
The scripts for the video recordings were written by a group of medical education experts in the field of internal medicine. The cases were written to be of equal intrinsic difficulty and to present a variety of selected contextual factors, defined as features that typically occur in a patient encounter, but which are not specific to a diagnosis (e.g. a patient who does not have English language fluency or a patient who suggests an incorrect diagnosis). The cases were pilot tested with a group of six internal medicine faculty to help ensure the cases were common, relevant, and of low diagnostic complexity. Edits were made based on pilot testing. This group of six faculty unanimously agreed that the cases represented commonly encountered disease processes seen in actual practice and were of low diagnostic complexity. The videos were filmed with professional actors under the guidance of a study investigator (SD). There was one patient actor and one physician actor used to film the videos. These same videos have been used in prior experiments and demonstrated differences in performance in faculty and residents [3, 6] , suggesting they would be reasonable for studying clinical reasoning task use in students. In addition, the selected cases matched cases from our medical student clinical reasoning curriculum; the medical content of the cases was explicitly covered in a clinical reasoning course prior to student participation in the study.
Step 1: View three video recordings in random order -Case 1: Diagnosis of HIV in a patient whom English is a second language -Case 2: Diagnosis of colorectal cancer in a patient with emotional volatility -Case 3: Diagnosis of diabetes mellitus in a patient with both low English proficiency and emotional volatility
Step 2: Completion of a computerized free text post encounter form -Collection of information related to differential diagnoses, leading diagnosis, supporting data, and treatment plan
Step 3: Completion of a think-aloud protocol -Performed while viewing the video a second time -No time limit for completion
Step 4: Transcription of qualitative data from the think-aloud protocol -Transcripts were coded using a published framework for reasoning tasks by two investigators (EM, CB) (Goldszmidt, Minda, and Bordage, 2013; Juma and Goldszmidt, 2017)
Figure 1: Flow chart demonstrating the components of the study design that led to data collection.
After watching each video-recorded clinical encounter, participants completed a post-encounter form. This form has been used in research with resident and board certified physicians, and validity evidence for the scores and their intended use has been published [6] . The form asked participants to identify the following items: (a) what additional history or physical exam information they would seek, (b) what the differential diagnosis would be, (c) leading diagnosis and the data that supported this diagnosis, and (d) what diagnostic and treatment plan the participant would institute for the patient. Immediately following this, the participant re-watched the videotape while engaging in a recorded think-aloud protocol facilitated by a research assistant. The instructions in the think-aloud protocol were to at least arrive at a diagnosis for the case. Participants were asked to "thinkaloud" if they did not speak for 5 or more seconds. Participants could start and stop the video as needed during the think-aloud protocol. After the video was complete, they were given as much time as needed to finish articulating their thoughts. The think-aloud protocol [8] is a standard technique in which participants are asked to verbalize their thought processes. When conducted properly, think-aloud protocols have been found to be a trustworthy method for capturing the thought processes of subjects [9] [10] [11] . Watching a videotape allowed for a standard stimulus upon which the participants reflected.
Data analysis
The qualitative data from the think-aloud protocol were transcribed into written transcripts and then coded using the framework for clinical reasoning tasks published by Goldszmidt and colleagues (Table 1 ) [1] . Two investigators (EM, CB) used a constant comparative approach to conduct iterative coding of utterances and classify utterances by task number. Following initial coding of five participants, the two investigators (EM, CB) met to discuss the reasoning tasks and resolve disparities. After all coding was complete, both investigators met for a final time to review coding and to resolve differences by consensus. Agreement between the two investigators who coded the think-aloud transcripts (EM, CB) was greater than 90%, and full agreement on all codes was ultimately reached through consensus. Descriptive statistics, including means, standard deviations, modes, and ranges, were calculated for types of tasks used and the number of times tasks were used using SPSS 22.0 (IBM, Armonk, NY, USA).
Results
A total of 17 third (n = 7) and fourth (n = 10) year medical students (13 male, 4 female) participated in the study. Use of reasoning tasks was analyzed from two perspectives. First, we analyzed the variety of reasoning tasks used collectively by all students throughout the three cases. Across all cases, the 17 participants used 15 clinical reasoning tasks. Table 2 displays the mean, mode, and range for each clinical reasoning task used by participants for each case in addition to the number of participants using each task. For Case 1, 11 different clinical reasoning tasks were used by 17 participants. The average number of verbalized reasoning tasks used during the think-aloud protocol across all participants was 5.6 (range [3] [4] [5] [6] [7] [8] , and the average number of total task utterances (including use of repeat tasks) was 17.8 per participant (range 4-33). For Case 2, the 17 participants used nine different clinical reasoning tasks. Each participant verbalized an average of 5.9 reasoning tasks (range 4-8) during the think-aloud protocol, and the average number of reasoning task utterances (to include use of repeat tasks) was 20.
We then analyzed how the reasoning tasks were utilized individually (Figure 2 ). Every participant verbalized Task 1 (Identify active issues) in each of the cases. This was the only task that was utilized by each participant in each transcript. Task 7 (Determine the most likely diagnosis) and Task 8 (Identify modifiable and non-modifiable risk factors) were used by each of the 17 participants in at least one clinical case although they were not used by each student in every case. Task 4 (Consider and prioritize differential diagnoses) was the most frequently uttered clinical reasoning task; it was used 325 times in aggregate across all three cases by 16 out of 17 students. The second most utilized reasoning task was Task 1 (Identifying active issues), which was used 311 aggregate times by all participants across all cases. Task 7 (Determine the most likely diagnosis) was verbalized next most often at 98 aggregate times and was used by all participants in at least one of the clinical cases. Task 8 (Identify modifiable and nonmodifiable risk factors) was used 94 times and Task 6 was used 93 times across all three cases in aggregate.
The order in which participants verbalized clinical reasoning tasks varied, but participants tended to verbalize reasoning tasks related to 'Framing the Encounter' and 'Differential Diagnoses' early (Tasks 1-4) followed by 'Diagnosis related tasks' in the middle to end of the transcripts (Tasks 5-10). Across all cases, participants verbalized Task 1 (Identify active issues) first in 76% of transcripts (39 out of 51), second in 65% of transcripts (33 out of 51), and third in 57% of transcripts (29 out of 51). The next most frequently verbalized task was Task 4 (Consider and prioritize differential diagnoses), which occurred first in six (12%) of the transcripts, second in 16 (31%) of transcripts, and third in 15 (29%) of transcripts. Management tasks were only used by four participants on six occasions and occurred in the second half of the transcripts (Table 2) . No self-reflection tasks were verbalized in any of the transcripts. Table 3 provides examples of verbalized utterances to demonstrate how the investigators interpreted the utterances. Participants verbalized one reasoning task that did not appear to be adequately captured by the clinical reasoning framework. Across all cases, seven participants verbalized a process for deciding what physical exam would be appropriate to perform (followed by a comment on how the physical exam did or did not support the 
n, number of participants utilizing that code for the specific case (max n = 17). Mean and mode for the number of times the code was used by participants in the think-aloud protocol for each case. n, number of participants using that task across all cases. development of their differential diagnoses). This did not occur in all transcripts but did occur at least once for each clinical case. This occurred most frequently in Case 2 (Diagnosis of colorectal cancer), being verbalized by five participants. An example utterance for this task is also included in Table 3 .
Discussion
This study utilized a think-aloud protocol to explore the use of clinical reasoning tasks by medical students viewing simulated internal medicine cases in an effort to further expand our understanding of clinical reasoning. The modified framework of 26 reasoning tasks (Table 1) was used to guide this exploration [1, 2] . Participants employed a wide array and number of tasks in all three cases demonstrating variability in how these tasks were used. By a wide margin, the most frequently used clinical reasoning tasks were Task 1 (Identifying active issues) and Task 4 (Consider and prioritize differential diagnoses). In addition, it highlights findings from Juma and Goldszmidt [2] that Task 1 (Identifying active issues) is an overarching task required to guide additional reasoning throughout a clinical encounter. Beyond this, the most commonly used reasoning tasks were related to determination of the most likely diagnosis, identification of modifiable risk factors, selection of diagnostic investigations, and identification of precipitants or triggers to the active problem. The order in which medical students verbalized reasoning tasks varied, demonstrating variability amongst participants and cases. Despite this variation, the progression of tasks used did appear purposeful both individually and in aggregate. For example, although early in the encounter medical students tended to utilize tasks related to framing the encounter and generation of a list of differential diagnoses, they would often move back and forth between these tasks interchangeably. As the encounter progressed, participants employed additional diagnosis tasks related to identification of risk factors, determining a most likely diagnosis and selection of diagnostic studies but also continued to intermittently employ tasks related to framing the encounter or generation of a differential diagnosis. Use of management tasks was not common, but if it did occur, participants would verbalize these toward the end of the encounter. The small number of verbalized management tasks and lack of use of self-reflection tasks may reflect that the participants were asked to at a minimum arrive at a diagnosis. In addition, given that the participants were medical students, the expectation that a large number of management or self-reflection tasks be used may be unrealistic as they have not advanced far enough in their medical education to reliably do this well [12] . Furthermore, self-reflection may be more likely to occur during a live encounter when one can reflect on his/her own actions with knowledge of the outcome of the clinical encounter.
Prior research with resident physicians also supported that the use of clinical reasoning tasks occurred in a purposeful but non-sequential manner [3] . Together, this suggests that the clinical reasoning processes needed for Case 1 are not necessarily the same processes that are needed for Case 2 or 3. Participants demonstrated the tendency to use tasks recurrently with some participants verbalizing more than 40 tasks in one encounter. For example, one participant used the following tasks in Case 2 (Diagnosis of colorectal cancer): Task 1 eight times (Identify active issues), followed by Task 4 four times (Consider and prioritize differential diagnoses), then Task 8 (Identify modifiable and non-modifiable risk factors), Task 1, Task 8, Task 1, Task 6 (Select diagnostic investigations), Task 4, before reaching a final diagnosis (Task 7). As this example illustrates, the participant progressed through the encounter in a purposeful fashion but reasoning tasks related to framing the encounter and diagnosis were not used in succession but interchangeably.
Consistent with ecological psychology, this interchangeability highlights the use of clinical reasoning tasks as they relate to each participant's unique, dynamic set of affordances and effectivities. This may also explain, in part, context specificity -the phenomenon that when presented with two patients with the same complaint, symptoms, and findings, different physicians might not arrive at the same diagnosis [13] . In each clinical encounter clinical information (e.g. affordances) is perceived and processed uniquely, which leads any given physician to use different strategies or clinical reasoning tasks (e.g. effectivities) for each clinical encounter and do so in a nonlinear fashion.
We observed one reasoning behavior that was not explicitly captured by the current framework of reasoning tasks. Forty-one percent of participants verbalized thoughts on what additional physical exam maneuvers would be beneficial to establishing a diagnosis or excluding other potential diagnoses. Task 1 (Identify active issues), Task 2 (Assess priorities), and the diagnosis tasks did not capture this task completely. In specialties such as Internal Medicine, the use of the physical exam is of high importance for establishment of a diagnosis. Deciding which component of the physical exam to use or not use appeared to be an integral part of this decisionmaking process in medical students. Some participants commented on how the physical exam did or did not support the development of their differential diagnosis, which would be related to Task 4 (Consider and prioritize differential diagnoses). In previous research in resident physicians, this behavior was not present [3] . It may be that resident physicians, with more sophisticated illness scripts, did not verbalize this process because it is something that had been well developed in previous training. Alternatively, resident physicians may have anticipated that diagnostic testing beyond the physical exam would be required to reach a final diagnosis in many clinical cases.
This study expands on previous work to develop a consolidated framework of reasoning tasks thought to occur during a clinical encounter [1] [2] [3] . This phenomenon of flexibility in problem solving has been found in the expertise literature and may be applicable to clinical reasoning [14, 15] . We provide additional empirical data to support this in more novice learners. When teaching clinical reasoning, this may mean that multiple tasks need to be taught in numerous ways in order to account for variation of context. In addition, when assessing clinical reasoning, multiple observations would be required as the path to diagnosis or treatment may vary widely. In particular, this study highlights that although experts employ numerous reasoning tasks [2] , medical students may use reasoning tasks in a less comprehensive fashion. If a student has not yet developed the ability to utilize a particular reasoning task, such as disease management, it cannot be employed. From the perspective of ecological psychology, this implies that although cases in this study provided the affordances for more extensive reasoning processes, the medical students' effectivities were too limited to allow for greater reasoning. This suggests that teaching successful clinical reasoning may involve encouraging or demonstrating multiple pathways through a problem. Students need repeated practice to improve the richness of their perceptions of affordances within clinical cases and to develop a wide array of effectivities to approach these cases. It is both the recognition of affordances and the agile use of these effectivities that allows the student or clinician to navigate the problem effectively.
This study has important limitations. First, the number of participants is relatively small (n = 17), but coding saturation was reached by the ninth participant, suggesting an adequate sample size. Nonetheless, the generalizability of the findings may be limited by the small sample size that was male predominant from a single center. Second, video recorded cases may not capture all clinical reasoning processes that occur during a clinical encounter [10] ; a live encounter, for example, could generate different cues to stimulate clinical reasoning. Third, think-aloud protocols may not fully capture non-analytic (system 1 or pattern-recognition) reasoning; specifically, all utilized reasoning tasks may not be consciously verbalized by participants. Fourth, information processing may in part be dependent on information delivery. How the information was provided to the participants may impact the perceived linearity of their clinical reasoning.
Conclusions
Research exploring the association between the use and sequencing of clinical reasoning tasks could enhance the medical educators' understanding of the variance in medical student performance related to clinical decisionmaking. We believe an understanding of this variance is essential in helping to mitigate diagnostic and therapeutic reasoning errors. Furthermore, questions regarding how the use of reasoning tasks develop, how diagnostic and management reasoning tasks are used in clinical practice, and how reasoning tasks vary as expertise develops could help optimize educational initiatives aimed to improve clinical reasoning.
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